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Carrion’s disease is typically biphasic with acute febrile illness characterized by bacteremia and severe
hemolytic anemia (Oroya fever), followed by benign, chronic cutaneous lesions (verruga peruana). The caus-
ative agent, Bartonella bacilliformis, is endemic in specific regions of Peru and Ecuador. We describe atypical
infection in an expatriate patient who presented with acute splenomegaly and anemia 3 years after visiting
Ecuador. Initial serology and PCR of the patient’s blood and serum were negative for Bartonella henselae,
Bartonella quintana, and B. bacilliformis. Histology of splenic biopsy was suggestive of bacillary angiomatosis,
but immunohistochemistry ruled out B. henselae and B. quintana. Bacilli (isolate EC-01) were subsequently
cultured from the patient’s blood and analyzed using multilocus sequence typing, protein gel electrophoresis
with Western blotting, and an immunofluorescence assay (IFA) against a panel of sera from patients with
Oroya fever in Peru. The EC-01 nucleotide sequences (gltA and internal transcribed spacer) and protein band
banding pattern were most similar to a subset of B. bacilliformis isolates from the region of Caraz, Ancash, in
Peru, where B. bacilliformis is endemic. By IFA, the patient’s serum reacted strongly to two out of the three
Peruvian B. bacilliformis isolates tested, and EC-01 antigen reacted with 13/20 Oroya fever sera. Bacilliary
angiomatosis-like lesions were also detected in the spleen of the patient, who was inapparently infected with B.
bacilliformis and who presumably acquired infection in a region of Ecuador where B. bacilliformis was not
thought to be endemic. This study suggests that the range of B. bacilliformis may be expanding from areas of
endemicity in Ecuador and that infection may present as atypical clinical disease.

Human bartonellosis is caused by infection with Bartonella
bacilliformis, a motile, aerobic, gram-negative, pleomorphic
bacterium (34). B. bacilliformis resides within cells of the hu-
man reticuloendothelial systems and initially attaches to and
penetrates erythrocytes (16). The organism is transmitted to
humans through the bite of the sand fly, Lutzomyia verrucarum
(1, 36, 42). Typical bartonellosis is biphasic, characterized by
an acute severe febrile illness associated with bacteremia and
severe hemolytic anemia (Oroya fever), followed by a cutane-
ous phase (verruga peruana) which involves chronic skin erup-
tions (7, 28, 35, 43). The acute phase typically develops soon
after infection and, if untreated, may have a 40 to 88% fatality
rate in association with secondary infections (salmonellosis,
shigellosis, malaria, toxoplasmosis, histoplasmosis, or pneumo-
cystis) (13, 20, 31). Verruga may develop after a period of
weeks to months and may persist for months to years.

Historically, Carrion’s disease has been endemic in Andean
Mountain regions of Peru, Ecuador, and Colombia at eleva-
tions of 600 to 3,200 m above sea level (1, 9, 31, 38). Regions
of endemicity in Peru have traditionally been localized to river
valleys and canyons in the western Andes and inter-Andean

valleys in the Central and East Andes. These mountainous
areas of endemicity include Ancash, Lima, Cajamarca, Piura,
La Libertad, Huancavelica, Huánuco, Ayacucho, Junı́n, and
Ina (reviewed in reference 31). However, during the last 2
decades, emergent disease outbreaks have occurred at lower
elevations between the highlands and jungle (Amazonas,
Cajamarca, and Huánuco), high forest regions (Chanchamayo
and Junı́n), and in valley regions east of the Andes such as
Cuzco (19, 24, 26, 29, 31). In Peru, the highest incidence of
bartonellosis has occurred in Ancash, followed by Cajamarca,
Amazonas, the Lima highlands, and Cusco (reviewed in 24).
Epidemiological studies also suggest that the spectrum of clin-
ical manifestations associated with B. bacilliformis in Peruvian
patients is highly variable, ranging from occurrence of either
one or both phases to asymptomatic infections characterized
by chronic bacteremia (9, 10, 19, 21, 24). In areas of endemicity
in Peru, the cutaneous phase is the most common clinical
presentation and mainly affects children, while in regions
where the disease is both epidemic and endemic, a majority of
acute-phase infections are also found in children (reviewed in
reference 24).

In Ecuador, typically severe febrile hemolytic diseases have
been reported for years from the highland province of
Zamora-Chinchipe bordering Peru (11, 12). In contrast, grow-
ing numbers of atypical illnesses associated with only chronic
verrucous skin lesions have been reported from the coastal
lowland provinces of Manabı́ and Guayas (2). It is speculated
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that in these areas, the incidence of bartonellosis is highly
underreported due to its mild clinical presentation and may be
associated with circulation of less virulent isolates of B. bacil-
liformis (26). Genetic diversity among B. bacilliformis strains
has also been suggested as a factor responsible for differences
in the clinical progression of human bartonellosis reported
from areas of endemicity and newly recognized foci in Peru
(21, 26). We report here the isolation of B. bacilliformis from a
persistently infected patient who had traveled from the United
States to Ecuador 3 years previously and describe preliminary
characteristics of this new isolate compared with B. bacilli-
formis isolates from Peru.

MATERIALS AND METHODS

Case description. A 34-year-old immunocompetent individual presented to an
internist with acute right-sided abdominal pain. Physical examination revealed an
enlarged spleen and chronic keloid-like skin lesions on the chest. The patient
reported last visiting Ecuador 3 years previously. The patient owned a dog and
a recently deceased bird but denied receiving any bites or scratches from pets.
Laboratory tests determined the following values: leukocytes, 61,000/�l; neutro-
phils, 6.5%; lymphocytes, 24.5%; platelets, 194,000/�l; hematocrit, 12.1%; and
hemoglobin, 34.9%. Hemolytic anemia was well compensated. Computer-as-
sisted tomography confirmed splenomegaly. The patient was referred to an
oncologist who ordered a needle biopsy of the spleen to rule out a diagnosis of
lymphoma. Following the splenic biopsy, the patient received oral ciprofloxacin
for 5 days. The patient was subsequently referred to an infectious disease spe-
cialist. Serological testing and PCR assay of whole blood were performed by a
commercial laboratory and showed no evidence of infection with Bartonella
quintana or Bartonella henselae. Blood cultures were not done. Because of the
patient’s country of origin, travel history, and unusual skin lesions, infection with
B. bacilliformis was considered. Serum, whole blood, and unstained slides of the
formalin-fixed, paraffin-embedded splenic aspirate were submitted to the Cen-
ters for Disease Control and Prevention (CDC; Atlanta, GA) for laboratory
evaluation. The patient’s splenomegaly persisted, and 13 months later, a sple-
nectomy was performed. The excised spleen weighed 461 g, measured 18.0 by
12.0 by 4.0 cm, and contained a solitary, firm, tan mass that measured 6.0 by 5.0
by 4.7 cm. At that time, CDC obtained formalin-fixed, paraffin-embedded tissue
sections from the spleen mass for immunohistochemical (IHC) evaluation.

Immunofluorescence assay. Indirect immunofluorescence assays (IFAs) were
performed using antigens of B. bacilliformis, B. henselae, and B. quintana grown
in Vero cell culture according to a previously described procedure (8). Antibody
titers were determined as the reciprocal of the last dilution of the serum sample
showing reactivity with a fluorescein isothiocyanate-conjugated goat anti-human
immunoglobulin G (IgG; gamma-chain specific) (Kirkegaard and Perry Labora-
tories; Gaithersburg, MD) at a dilution of 1/150. The cutoff titer of the IFA was
1/32. Twofold serum dilutions were tested along with appropriate positive and
negative control sera. In addition, a panel of antisera from patients in Peru
infected with Oroya fever was also tested by IFA against antigens of four B.
bacilliformis isolates prepared in Vero cells. Slides were read at a magnification
of �400 using a Zeiss Axiophot epifluorescence microscope (Carl Zeiss Inc.,
Thornwood, NY) and digitally imaged using Spot, version 4.0.9, software
(Diagnostic Instruments Inc., Sterling Heights, MI).

Isolation procedure. Heparinized and EDTA whole blood and serum from the
patient were sent overnight to the CDC on cold packs, maintained at 4°C upon
receipt, and immediately cultured for Bartonella. Aliquots of the blood samples
were streaked onto 100-mm diameter petri plates with heart infusion agar sup-
plemented with 5% rabbit blood (HIARB) and incubated in plastic bags at 28°C
and 5% CO2. The remaining heparinized and EDTA whole blood were divided
into equal aliquots and treated as follows. Whole blood (1 ml) was diluted 1:1
with 10 mM phosphate-buffered saline (PBS; pH 7.5), layered onto 3 ml of
Hypaque-76 (Sigma, St. Louis, MO), and centrifuged at 800 � g for 10 min at
room temperature. Peripheral blood mononuclear cells were harvested and
washed once with PBS and inoculated into a 25-cm2 flask containing biphasic
medium (BiP) consisting of 5 ml of solidified HIARB overlaid with 5 ml PBS
(22). Additionally, 1 ml of whole blood was inoculated into BiP medium; flasks
were tightly closed and incubated at 28°C. At 18 days following inoculation,
isolate EC-01 was passaged into 75-cm2 flasks containing HIARB medium. The
remaining culture supernatant was pelleted, resuspended in SRM freezing me-
dium (0.22 M sucrose, 0.1 M potassium phosphate, 0.005 M sodium L-glutamate,

pH 7.0, 0.005 M MgCl2, and 1% Hypaque-76; Nycomed, Inc., Princeton, NJ),
and frozen at �70°C. EC-01 stocks used for proteomic, genomic, and serological
assays were at low passage, P3 to P6.

Source of Bartonella isolates and reference strains. Table 1 lists all Bartonella
strains and isolates that we cultivated or sequenced at the CDC. Multilocus
sequence typing used reference sequences from NCBI for isolates that we did not
directly use, and their accession numbers are provided in the phylogenetic trees.
All reference isolates were cultivated on HIARB medium at 28°C for B. bacil-
liformis or at 34°C for other Bartonella spp., and low-passage stocks were pre-
served in SRM medium and frozen at �70°C. B. bacilliformis isolates were
subsequently adapted to growth in BiP in 75-cm2 flasks at 28°C, and low-passage
stocks of BiP medium-grown Bartonella strains were also preserved in SRM
medium and stored at �70°C.

Transmission electron microscopy. Bartonella was grown in BiP medium for 10
days as above and harvested from medium by centrifuging at 2,090 � g for 20 min
at 4°C. Glycerol was added to 10% (vol/vol), the tube was gently inverted several
times to mix, and bacteria were pelleted as above. The pellet was gently resus-
pended in 1.5 ml of PBS supplemented with 10% glycerol, transferred to a 1.5-ml
screw-top tube, and centrifuged at 420 � g for 5 min at 4°C; the supernatant was
discarded, and a washing step was repeated one more time under the same
conditions. The pellet was resuspended in 0.5 ml of PBS and gently mixed with
an equal volume of 2� fixative solution consisting of 0.2 M sodium cacodylate
(pH 7.2) and 4% glutaraldehyde. The fixation was done overnight at room
temperature with gentle rocking, after which fixative solution was removed by
centrifugation and replaced with 0.2 M cacodylate buffer. Ten-microliter samples
were placed on Formvar-coated carbon grids and allowed to incubate for 30 to
60 s at room temperature, and excess liquid was removed using filter paper. The
grids were then negatively stained with 2% aqueous uranyl acetate (wt/vol) for 1
min, air dried, and viewed using a JEOL 1200 EX electron microscope operating
at 60 kV.

Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and
Western blotting. Bartonella bacilli were harvested from supernatants of BiP
medium by centrifugation at 23,426 � g for 10 min at 4°C using a Sorvall RC5C
preparative centrifuge and SS-34 rotor (Thermo Electron Corporation,
Asheville, NC). Bacterial pellets were washed twice with PBS, and the absor-
bance of intact bacilli at a wavelength of 420 nm was used to estimate the number
of milligrams of protein in the bacterial suspension. Bacterial pellets were lysed

TABLE 1. Reference strains of Bartonella used in this study

Isolate species and strain
Location of isolate Reference and/

or sourceTown Province

B. bacilliformis
Car 600-01 Cusco Cusco 8, 19
Choq Col-01 Caraz Ancash 8, 19
Peru 13 Unknown Unknown 8, 19
Peru 358-98 Caraz Ancash 8, 19
Cule III Culaspampa Ancash 8, 19
VAB 9034 Cascapara Ancash Carmen R.

Latorrea

Cus 005 Cusco Cusco Franca Jonesb

Hosp 800-02 Caraz Ancash Franca Jones
Hosp 800-31 Caraz Ancash Franca Jones
Hosp 800-72 Caraz Ancash Franca Jones
Colonia Caraz Ancash Franca Jones
Ramirez Caraz Ancash Franca Jones
VRB 165 Unknown Unknown Franca Jones
Vega Caraz Ancash Franca Jones
Vero 97 Caraz Ancash Franca Jones
Vero 75 Unknown Unknown Franca Jones
KC 583 (ATCC 35685) 6; ATCC

B. henselae Houston-1
(ATCC 49882)

40; ATCC

B. quintana Fuller
(ATCC VR-358)

ATCCc

B. elizabethae F9251
(ATCC 49927)

14; ATCC

a Departamente de Ancash, Provincia Huarez, Peru.
b U.S. Naval Medical Research Center Detachment in Lima, Peru.
c Strain is no longer available from ATCC.
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in CelLytic B-II extraction reagent supplemented with 0.2 mg/ml lysozyme (Bio-
Rad, Hercules, CA) to give a final protein concentration of 10 mg/ml. Protein
concentration of the bacterial lysates was precisely determined using a bicincho-
ninic acid protein assay (Pierce Biotechnology, Inc., Rockford, IL). Lysates were
mixed 1:1 with 2� Laemmli sample buffer (Bio-Rad Laboratories Inc., Hercules,
CA) and heated to 95°C for 5 min; equal protein concentrations were loaded per
well and electrophoresed on 20-cm-long, 8 to 16% gradient gels (29:1, acryl-
amide-bis, at 2.6% crosslinking) overnight at 10 mA/gel. After electrophoresis,
protein bands were stained using Coomassie R-250 (Bio-Rad; Hercules, CA).
Alternatively for Western blotting, 8 to 16% gradient mini gels were equilibrated
in Towbin Transfer Buffer (25 mM Tris, 192 mM glycine, 0.1% SDS, and 20%
methanol) and blotted onto immunoblotting polyvinylidene difluoride mem-
brane overnight at 30 V and 4°C using a Bio-Rad Mini Trans-Blot cell (Hercules,
CA). The membrane blots were blocked with 5% Blotto (20 mM Tris, pH 7.5,
500 mM NaCl, 5% nonfat dry milk) for 1 h at ambient room temperature (RT).
After blots were washed with TBST (20 mM Tris-HCl, 500 mM NaCl [pH 7.5],
0.1% Tween-20) three times for 10 min each time at RT, they were incubated
with either polyclonal rabbit anti-B. bacilliformis (1:500) or rabbit anti-B. quin-
tana (1:500) antiserum for 60 min at RT. These two rabbit antisera were previ-
ously made at the CDC. Membranes probed with rabbit anti-Bartonella antibod-
ies were washed four times with TBST and then incubated with goat anti-rabbit
IgG(H�L)-horseradish peroxidase (1:4,000) (Southern Biotechnology; Birming-
ham, AL) for 60 min at RT. Following four washes with TBST, blotted proteins
were visualized using the colorimetric substrate diaminobenzidine (Bio-Rad,
Hercules, CA) as per the manufacturer’s directions.

Analysis of protein gel profiles. Digitalized images of Coomassie blue-stained
gels were obtained using the Gel Doc gel documentation system and PDQuest
imaging software (Bio-Rad, Hercules, CA). Cluster analysis using BioNumerics
image analysis software, version 3.5 (Applied Maths, Saint-Martens-Latem, Bel-
gium) was applied to the protein banding patterns of Bartonella spp., B. bacilli-
formis isolates, and the new isolate, EC-01, to determine relatedness. Dice binary
coefficients that measure the similarity based upon common and different protein
bands were used to generate an unweighted pair group method using arithmetic
mean dendrogram. A matrix similarity table with the percentage of matching
bands between isolates was also generated. Cophenetic correlation analysis was
applied to the dendrogram to measure the reliability of the groupings and how
well these groupings correlated with the similarity matrix table.

PCR and sequence analysis. The DNA was extracted from a 200-�l aliquot of
EDTA whole blood and 10-�m paraffin-embedded formalin-fixed sections of
spleen and from Bartonella grown on blood agar using a QIAamp DNA Mini Kit
(Qiagene, Valencia, CA). Clinical specimens were tested using nested PCRs to
amplify fragments of htrA (3) and ribC (45) of Bartonella as previously described
using PuRe Taq Ready-To-Go PCR beads (Amersham Biosciences, Piscataway,
NJ). PCR amplification of the isolate DNA was performed using Qiagen Master
Mix reagents in a Gradient Master cycler (Eppendorf, Westbury, NY). The list
of oligonucleotide primers used is shown in Table 2; the primers were made by
the CDC Core Facility (CDC, Atlanta, GA) and used at a final concentration of
1 �M unless otherwise specified. Thermal cycling conditions were the same as

previously reported for the individual PCR assays listed in Table 2. Sequence
reactions were prepared using an ABI PRISM 3.0 BigDye Terminator Cycle
Sequencing kit as recommended by the manufacturer (Applied BioSystems,
Foster City, CA). Sequence reactions were purified with a Qiagen Dye Removal
Kit (Qiagen, Valencia, CA) and run on an Applied Biosystems 3100 Nucleic Acid
Sequence Analyzer.

The CAP (contig assembly program) sequence assembler (www.infobiogen.fr)
and ClustalW multiple sequence alignment (Bioinformatics Center Institute for
Chemical Research, Kyoto University, Kyoto, Japan; http://clustalw.genome.jp//)
programs were used to analyze the sequences. A phylogenetic analysis and DNA
sequence similarities were calculated using MEGA software, version 2.0 (http:
//www.megasoftware.net) (27). Sequencing of the corresponding fragments of
reference strains of B. bacilliformis, B. quintana, and B. henselae was performed
to ensure the quality and accuracy of the GenBank sequence data (accession
numbers are given below). GenBank accession numbers of reference strains of
Bartonella used for the phylogenetic analysis are provided on the corresponding
figures.

Immunohistochemistry and histopathology. Unstained, fixed sections of the
splenic aspirate were sent to the CDC and were evaluated by an immunoalkaline
phosphatase staining technique for B. henselae and B. quintana, as described
previously (15). The primary antibodies included a monoclonal anti-B. henselae
antibody (diluted 1/100) and a polyclonal rabbit anti-B. quintana antibody (1/
100). After the patient’s splenectomy, fixed sections of the solitary fibrotic tumor
in the spleen were obtained by the CDC and stained with hematoxylin and eosin
and Steiner’s silver stain.

Nucleotide sequence accession numbers. The nucleotide sequences obtained
during this study for isolate EC-01 were deposited in the NCBI GenBank under
the following accession numbers: DQ179109 for the gltA fragment, DQ179110
for the rpoB gene fragment, DQ179107 for the 16S-23S rRNA intergenic region
(internal transcribed spacer [ITS]), DQ179108 for the 16S rRNA gene fragment,
and DQ179112 and DQ179111 for the ftsZ fragments. Related sequences for
other B. bacilliformis isolates were deposited under the following accession
numbers: isolate VRB 165 gltA, DQ200877; isolate Hsp800-31 gltA, DQ200878;
isolate Vega gltA, DQ200879; isolate Vero97 gltA, DQ200880; isolate Vero75
gltA, DQ200881; isolate VRB 165 ITS, DQ200882; isolate Hsp800-1 ITS,
DQ200883; isolate Vega ITS, DQ200884; isolate Vero97 ITS, DQ200886; and
isolate Vero75 ITS, DQ200887.

RESULTS

Diagnostic testing of clinical specimens from patient. Initial
PCR and serological testing of the patient’s blood by a com-
mercial laboratory was negative for DNA and IgG/IgM anti-
bodies to B. henselae and B. quintana, respectively. The com-
puter-assisted tomography scan done at the hospital confirmed
that the patient had an enlarged spleen. Following needle

TABLE 2. Oligonucleotide primers used

Target Primer name Primer sequence (5�3 3�) Reference or source

16S-23S rRNA intergenic QHVE1 TTCAGATGATGATCCCAA 23
region QHVE4 AACATGTCTGAATATATC

16S rRNA gene Rick16SF1 GTATGCTTAACACATGCAAGTCGAAC 39
Rick16SR4 TCCGCGATTACTAGCGATTCC

ftsZ FtsZ F (Bfp1) ATTAATCTGCAYCGGCCAGA 44
FtsZ R (BatfsZR) GCTGGTATTTCCAAYTGATCT

rpoB rpoB F (1400F) CGCATTGGCTTACTTCGTATG 41
rpoB R (2200R) GTAGACTGATTAGAACGCTG

gltA BhCS.781p GGGGACCAGCTCATGGTGG 37
BhCS.1137n AATGCAAAAAGAACAGTAAACA

ribC RibC-1F CGGATATCGGTTGTGTTGAA 45
RibC-1R CATCAATRTGACCAGAAACCA
RibC-2F GCATCAATTGCGTGTTCA
RibC-2R CCCATTTCATCACCCAAT

htrA CAT-1 GATTCAATTGGTTTGAA(A/G)GAGGCT 3
CAT-2 TCACATCACCAG G(A/G)CGTATTC
CAT-FN AAGCTGGTATCAAGGCAG J. Sumner, personal

communicationCAT-RN CCCATCATCAGAAGGAGC
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biopsy by an oncologist, histopathologic examination of fixed
slides of splenic aspirate was interpreted as bacillary angioma-
tosis with tiny aggregates of bacilli identified by using Warthin-
Starry stain. After subsequent referral to an infectious disease
specialist, which was 10 weeks following onset of the patient’s
splenomegaly, serum, whole blood, and unstained slides of the
formalin-fixed, paraffin-embedded splenic aspirate were sub-
mitted to the CDC for evaluation. Nested PCRs using htrA
primers for B. henselae and B. quintana and conserved ribC
primers for all Bartonella species failed to detect DNA gene
sequences for Bartonella in patient whole blood and fixed tis-
sue sections of splenic aspirate. By indirect IFA, patient serum
was negative (titer of �32) for IgG antibodies to B. bacilli-
formis, B. henselae, and B. quintana. IHC evaluation of fixed
slides of splenic aspirate was also negative for B. quintana and
B. henselae. IHC for B. bacilliformis was not done because the
CDC did not have a suitable primary antibody to specifically
detect this bacterial organism in the IHC assay. At the CDC,
histology of the fixed splenic aspirate tissue sections indicated
lymphoid depletion, aggregates of small vascular channels, and
scattered histiocytes. No viral inclusions, fungal elements, or
parasitic organisms were seen. Silver staining for bacilli on
fixed tissue sections of splenic aspirate were not repeated at
the CDC due to limited numbers of sections.

Isolation of Bartonella and electron microscopy. No bacterial
growth was detected on petri plates of HIARB medium that
were directly inoculated with the patient’s blood. However,
growth of nonadherent bacteria was observed in the superna-
tant phase of BiP medium inoculated with either peripheral
blood mononuclear cells or whole blood on day 18 following
inoculation. Bacteria were observed to aggregate and form
clumps during growth in the liquid phase of BiP medium. They
also did not stain well with classic Gram staining and Wright-
Giemsa staining procedures (data not shown). Transmission
electron microscopy detected bacillary-shaped organisms of 1
to 1.5 �m in length with polar flagella (Fig. 1), indicating
cellular morphology consistent with identification of the new
isolate as B. bacilliformis or another species of flagellated Bar-
tonella.

Multiple locus sequence characterization of a new isolate.
To determine genus and species identity of the patient bacte-
rial isolate EC-01, several gene fragments were amplified and
sequenced. Accordingly, nucleotide sequences were deter-

mined for a 1,157-bp fragment of the 16S rRNA gene, 707-bp
and 607-bp fragments corresponding to 5� and 3� ends of ftsZ,
a 502-bp fragment of rpoB, a 338-bp fragment of gltA, and 503
bp of the 16S rRNA-23S rRNA ITS. Nucleotide sequences
determined for EC-01 had 99 to 100% of sequence identity
with respective gene fragments of the majority of B. bacillifor-
mis isolates. The gltA sequence of EC-01 had 98% sequence
identity with strain Caraz SC (AY114119) and 96% sequence
identity with strains LA6.3, Vega, and Vero97, corresponding,
respectively, to 3 and 10 to 11 nucleotide differences. The gltA
sequence identity of EC-01 to other Bartonella spp. was �86%.
In addition to gltA and ITS fragments that we generated by
PCR from the DNA of B. bacilliformis isolates from Peru and
Ecuadorian isolate EC-01, our phylogenetic comparison in-
cluded gltA and ITS fragments of other B. bacilliformis isolates
available in the GenBank. Thus, not all isolates had both gltA
and ITS fragments available for phylogenetic analysis. The
ribC primers used to evaluate the patient blood gave an am-
plicon with the EC-01 isolate while the htrA primers did not.

Based on phylogenetic analysis of gltA nucleotide sequences,
isolate EC-01 clustered with the majority of B. bacilliformis
isolates. Most of these isolates had been obtained from pa-
tients around Caraz, Ancash, in Peru (Fig. 2A). This cluster
also included isolate KC584 which is a standard reference,
highly passaged, laboratory strain of B. bacilliformis. A second
cluster included two human isolates, Vero97 and Vega, from
the Caraz area and strain LA6.3, isolated from a patient in the
Haillacayan Valley in the department of Ancash (5). Diver-
gence for gltA nucleotide sequences was 0.5% (Fig. 2A). Also,
although ITS sequences were not available for all isolates of B.
bacilliformis that were analyzed for gltA, the phylogenetic tree
that was constructed based on alignment of the ITS region was
similar (Fig. 2B). A majority of the isolates from the Cusco
area formed a very tight cluster. This cluster also included the
new isolate EC-01 from Ecuador and strain KC584. The sec-
ond cluster consisted of strain LA6.3 and the same two human
isolates from the Caraz, Ancash, area. Isolate ER-Yal isolated
from a patient in Amazonas was found to be the most diver-
gent among B. bacilliformis included in this analysis (Fig. 2B).
ITS nucleotide sequences were 0.2% divergent.

Serological characterization of the EC-01 isolate. Human
antisera were collected from patients with Oroya fever from
the departments of Cusco and Ancash in Peru during 2001 to
2002. Of these patients, only Ramirez and Colonia had both
antisera and B. bacilliformis isolates available so that titers to
homologous antigen could be determined. Cule III antigen is
the reference antigen used at the CDC to detect antibody to B.
bacilliformis by IFA. Antibody titers of antisera from the pa-
tient EC-01 and from the panel of Peruvian patients were
detected using whole-cell antigens from patient isolates EC-01,
Ramirez, Colonia, and Cule III (Table 3). While EC-01 patient
antiserum reacted with homologous antigen at only a titer of
1/64, it cross-reacted with heterologous Ramirez and Colonia
antigens at titers of 1/1,028 and 1/256, respectively. In addition,
the EC-01 antiserum did not react to Cule III antigen whereas
20 other infected patient antisera from Peru had titers ranging
from 1/64 to �1/2,056. Seven out of these 20 antisera were
negative with EC-01 antigen (endpoint titers of �1/32), and
the remaining 13 antisera had relatively low antibody titers
ranging from 1/32 to 1/128. Like EC-01 antigen, Colonia anti-

FIG. 1. Transmission electron microphotograph of isolate EC-01.
Scale bar, 0.5 �m.
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gen also exhibited low to moderate binding to other Peruvian
patient antisera. In contrast, Ramirez and Cule III antigen
bound these patient antisera at significantly higher titers.
These data suggested that while isolate EC-01 was related to
other patient isolates of B. bacilliformis from Peru by serology,
there was antigenic variation among these isolates.

CDC-produced rabbit polyclonal antibodies against intact B.

bacilliformis and B. quintana, respectively, were used to assess
the antigenic relatedness between specific proteins of isolate
EC-01 and other Peruvian isolates of B. bacilliformis by West-
ern blotting. EC-01 proteins bound hyperimmune anti-B.
bacilliformis antiserum in a pattern similar to that of other B.
bacilliformis isolates from Peru (Fig. 3A), whereas there were
significant differences in the binding of this antiserum to the
antigens of other Bartonella species. Figure 3B also demon-
strated the significant cross-reactivity of polyclonal rabbit an-
tiserum made against B. quintana to antigens of Peruvian B.
bacilliformis isolates, isolate EC-01, and other Bartonella spe-
cies. Here, more variation in antibody binding to antigens of
EC-01 and other B. bacilliformis isolates was observed.

Protein fingerprinting by gel electrophoresis. SDS-PAGE
protein profiles were determined for nine isolates of B. bacil-
liformis including ATCC type strain KC583. Three other Bar-
tonella species pathogenic for humans, B. henselae, B. elizabe-
thae, and B. quintana, were also included in this analysis and
compared with the protein profile of isolate EC-01 from
Ecuador (Fig. 4). Distinctive similarities and differences in the
protein fingerprints between EC-01 and the other Bartonella
species were observed. For instance, EC-01 and the other
Bartonella isolates contained similar molecular weight proteins
of approximately 87.5 kDa, 75 kDa, 52 kDa, 43.5 kDa, 40 kDa,
25 kDa, and 12 kDa. In contrast, protein band heterogeneity
was observed at 58 kDa, 30 to 35 kDa, and 21 to 24 kDa. In
order to determine the relatedness of the protein banding
patterns between EC-01 and the other Bartonella species and
B. bacilliformis isolates, BioNumerics cluster analysis with a
band-matching algorithm was used to generate a proteoden-

FIG. 2. The genetic relationships between the new isolate EC-01
and other isolates of B. bacilliformis. Neighbor-joining phylogenetic
trees based on gltA (A) and ITS (B) sequence similarities were drawn
using MEGA2 software. The distance matrix was calculated using
Jukes-Cantor parameters and 231 sites for gltA and 361 sites for the
ITS. The scale bar represents 0.5% and 0.2% divergence, respectively,
for panels A and B. The numbers at nodes are the proportions of 1,000
bootstrap resamplings that support the topology shown. The NCBI
accession numbers of the Bartonella sequences used in this analysis are
shown.

TABLE 3. IFA titers of patient and control antisera against EC-01
antigen and antigens from B. bacilliformis isolated in Perua

Antiserumb
Antibody titer to indicated antigen

EC-01 Ramirez Colonia Cule III

Cus 807 �32 �2,056 �32 512
Cus 1002 �32 512 �32 512
Cus 1003 �32 �2,056 �32 �2,056
Cus 1006 �32 256 64 256
Cus 1007 64 �2,056 32 512
Cus 1008 128 256 128 1,028
Cus 1011 �32 �32 32 �2,056
Cus 1202 32 64 64 1,028
Cus 1203 32 �2,056 32 �2,056
Cus 3405 32 �2,056 64 256
Cus 3601 64 1,028 64 �2,056
Cus 3602 64 512 128 512
Cus 3802 64 �2,056 128 64
Cus 3803 �32 32 64 256
Cus 4003 �32 256 �32 �2,056
Elizabeth 32 256 64 128
Garcia 64 128 64 �2,056
Vega 128 1,028 64 �2,056
Ramirez 64 64 32 1,028
Colonia 32 512 32 512
EC-01 64 1,028 256 �32
B. henselae (�) �32 1,028 �32 �32
Pooled human sera (�) �32 �32 �32 �32

a Antisera was collected in Peru from 2001 to 2002 from patients with Oroya
fever and were provided by Franca Jones, U.S. Naval Medical Research Center
Detachment in Lima, Peru.

b �, positive IFA control; �, negative IFA control.
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FIG. 3. Immunoreactivity of proteins from EC-01 and Peruvian B. bacilliformis isolates to polyclonal anti-Bartonella antibodies. Western blots
of protein lysates from bacterial isolates were probed with either rabbit polyclonal antibody to B. bacilliformis (A) or rabbit polyclonal antibody
to B. quintana (B) and visualized using horseradish peroxidase-conjugated secondary antibody and diaminobenzidine substrate. Anti-B. bacilli-
formis antiserum reacted commonly with proteins having molecular weights between 27 to 37 kDa whereas cross-reactive anti-B. quintana
antiserum bound predominantly to a 50-kDa protein common to all isolates. EC-01 shared antigenic proteins with other B. bacilliformis isolates
and with B. quintana. MW, molecular weight (kDa).
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drogram (Fig. 5). Compared to B. bacilliformis isolates from
Peru, EC-01 was most closely clustered with isolate Hosp 800-
02, Hosp 800-72, KC583, Cus 005, and B. quintana in one
clade. The other B. bacilliformis isolates were clustered in a
second clade (Fig. 4). In the proteodendrogram, both B.
henselae and B. elizabethae were clustered more distantly from

isolate EC-01 and other B. bacilliformis isolates. In a similarity
matrix table, the percentage of band matches between EC-01
and other B. bacilliformis isolates was 69% for Hosp 800-02,
57% for Hosp 800-72, 49% for KC583, and 52% for Cus 005
(Table 4). Surprisingly, band matching between EC-01 and B.
quintana were 54%. In contrast, band matching between EC-01
and B. henselae and B. elizabethae was only 33% and 38%,
respectively. High cophenetic values shown in the dendrogram
indicated good reliability between the groupings within the
dendrogram.

Histology. Pathological evaluation of tissue sections of the
splenic aspirate from the enlarged spleen that were sent to
the CDC showed aggregates of small vascular channels and
scattered histiocytes. No immunohistochemical evidence of in-
fection with B. henselae or B. quintana was obtained by using
IHC assays for these agents. After splenectomy, histology of
tissue sections of the excised splenic mass submitted to the
CDC showed a circumscribed fibrotic lesion containing small
scattered aggregates of plump atypical endothelial cells ar-
ranged around slit-like vascular channels. The interstitium con-
tained dense fibrous tissue and multiple mineralized foci.
Eosinophils, lymphocytes, and occasionally small eosinophilic
globules were abundantly distributed around endothelial
proliferations (Fig. 6). No obvious inclusions were identified
in any of the endothelial cells, and no individual or clumped
bacteria were identified in the tissue by use of hematoxylin
and eosin and Steiner’s stain.

DISCUSSION

Using morphological, genetic, proteomic, and antigenic cri-
teria, isolate EC-01 was characterized as B. bacilliformis. Elec-
tron microscopy confirmed the presence of polar flagella on
the bacteria, thus confirming morphology consistent with that

FIG. 4. Protein banding patterns of Bartonella isolates. Whole-cell
lysates were resolved on an 8 to 16% gradient SDS-PAGE gel and
stained with Coomassie blue. Lane 1, molecular weight (MW) marker;
lane 2, Car 600-01; lane 3, Choq Col-01; lane 4, Peru 13; lane 5, Peru
358-98; lane 6, VAB 9034; lane 7, KC583; lane 8, Cus 005; lane 9 Hosp
800-02; lane 10, Hosp 800-72; lane 11, EC-01; lane 12, B. henselae; lane
13, B. elizabethae; lane 14, B. quintana; lane 15, Car 600-01. Numbers
on the left are molecular weights (kDa).

FIG. 5. Cluster analysis comparing protein fingerprints of EC-01 with Peruvian B. bacilliformis strains and other Bartonella species associated
with human disease. Similarity coefficients were generated by the different-bands algorithm and used to construct a dendrogram based on the
unweighted pair group method using arithmetic averages for B. bacilliformis isolates and isolate EC-01. Cophenetic values (small numbers in the
dendrogram branches) expressed how well the dendrogram correlated with band matching coefficients. Caraz is an area of endemicity for
bartonellosis whereas Cusco is not considered to be an area endemicity.
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of B. bacilliformis. The gene sequences of isolate EC-01 were
nearly identical to a subset of B. bacilliformis isolates from the
region of Caraz, Ancash, in Peru, where B. bacilliformis is
endemic. The protein fingerprint data likewise indicated that
EC-01 was most closely related to B. bacilliformis isolates
(Hosp 800-02 and Hosp 800-72) from Caraz, Ancash, thus
correlating with genomic data.

IFA and Western immunoblotting data indicated that the B.
bacilliformis isolates shared a spectrum of antigens, but the
IFA and protein fingerprint data also confirmed that the iso-
lates were antigenically heterogeneous. Thus, confirmation of
cases of infection of B. bacilliformis by serology may be suspect
if a subset of antigen types is not included in diagnostic IFA
testing. Disease presentation in this patient was unusual be-

FIG. 6. Histology of patient splenic mass discovered during splenectomy. Thirteen months following the onset of splenomegaly, the patient
underwent splenectomy. Gross examination of the excised spleen revealed a solitary fibrotic mass which was diagnosed as a benign vascular lesion
of the spleen. Formalin-fixed, paraffin-embedded tissue sections of the mass were stained with hematoxylin and eosin. (A) Normal red pulp of the
spleen on the left (dark red) with demarcated area of the fibrotic lesion on the right (pink). (B) Within the fibrotic lesion is a representative nodule
at 10-fold magnification consisting of small vasculature with focal cellular growth (area within white circle). (C) Fourfold magnification of the
nodule. (D) Eightfold magnification of the nodule showing small aggregates of proliferating endothelial cells (EN) forming slit-like vascular spaces
(white areas) with eosinophils (EO), eosinophilic globules (EG), and red blood cells (RBC).

TABLE 4. Matrix similarity values comparing protein band relatedness between isolate EC-01, B. bacilliformis isolates from Peru, and
other Bartonella speciesa

Isolate
identifier Isolate

% Matching protein bands

A B C D E F G H I J K L M

A Car 600-01 100.0
B Choq Col-01 55.4 100.0
C VAB 9034 47.5 49.3 100.0
D Peru 13 39.8 47.8 45.3 100.0
E Peru 358-98 35.4 39.3 48.8 53.1 100.0
F Hosp 800-02 41.0 40.8 44.9 33.6 43.9 100.0
G EC-01 31.0 37.3 49.4 37.1 43.6 69.4 100.0
H Hosp 800-72 43.2 37.9 48.2 34.7 30.9 67.7 57.5 100.0
I KC583 39.9 41.4 53.7 39.3 41.2 51.0 49.0 43.3 100.0
J Cus 005 40.6 45.6 40.9 41.2 41.6 50.6 51.6 48.7 67.5 100.0
K Bq Fuller 37.0 24.7 37.0 30.9 32.1 44.9 53.7 45.3 40.8 42.0 100.0
L Be F9251 29.4 34.4 42.7 28.7 32.5 39.9 36.0 43.3 34.1 38.4 32.8 100.0
M Bh Houston-1 33.8 27.0 28.8 25.5 32.5 33.9 35.0 39.0 29.6 27.7 34.1 33.0 100.0

a The matrix table was constructed using cluster analysis and the different bands algorithm of BioNumerics software. Bq, B. quintana; Be, B. elizabethae; Bh, B.
henselae. All other isolates listed are B. bacilliformis. A band matching value of 100% indicates comparison of an isolate to itself. Values are the percentages of matched
protein bands. Values in boldface represent the B. bacilliformis isolates in Peru that most closely matched the protein fingerprint of Ecuadorian isolate EC-01.
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cause clinical signs of Bartonella infection occurred after the
patient’s prolonged residence in the United States and 3 years
after the patient last visited Ecuador. After lymphoma was
ruled out as a cause of the patient’s splenomegaly, bartonello-
sis was suspected, given the patient’s country of origin, travel to
Ecuador, and skin lesions. However, a presumptive diagnosis
of bartonellosis could not initially be confirmed for the patient
during the acute phase of illness (splenomegaly) based on
serology and PCR testing for B. henselae and B. quintana by
commercial laboratories. Similarly, we did not detect B. bacil-
liformis, B. henselae, or B. quintana in the patient blood or
serum by IFA or PCR or in splenic aspirate by IHC assay. Only
when we were able to culture bacilli from the patient’s blood
and subsequently to identify this isolate (EC-01) as B. bacilli-
formis was the case fully confirmed. The inability to detect
Bartonella infection in the patient’s blood initially by PCR and
IFA led us to investigate the reasons for this. The serum
sample we analyzed might be considered to be convalescent-
phase since it was obtained 10 weeks following onset of spleno-
megaly. Our IFA is 82% sensitive in detecting B. bacilliformis
antibodies in acute-phase blood samples of laboratory-con-
firmed bartonellosis patients and 93% positive for convales-
cent-phase serum (8). Two possible factors could explain the
negative IFA results: either (i) the patient’s antibodies did not
react to the antigen used in our B. bacilliformis IFA or (ii)
infection with B. bacilliformis did not stimulate a detectable
antibody response. When screened against prototypic B. bacil-
liformis Cule III antigen used in our IFA and against antigens
from two other patient isolates (Ramirez and Colonia), the
patient antiserum failed to react with Cule III antigen by IFA
whereas it did react weakly against EC-01 patient antigen and
strongly against antigens of Ramirez and Colonia isolates, thus
supporting the first explanation. The weak reactivity of antigen
from isolate EC-01 to patient serum (titer, 1/64) has similar
correlates to other Bartonella infections in which low or nega-
tive antibody reactivity and variation in antibody titers with
different strains were well documented. For example, there
have been isolate-positive but seronegative cases of infection
with B. quintana (17) and B. henselae (18, 32). Parallel with our
findings with B. bacilliformis antigens, B. henselae infection was
detected only with Marseille strain antigens but not with stan-
dard Houston-1 strain antigens by IFA (32). In addition, IFA-
positive infections of human cat scratch disease have been
shown to exhibit significant variation in the specific antigens
recognized by immune sera (33). As shown in Table 3, there
was a wide range of patient antiserum reactivity to both ho-
mologous and heterologous bacterial antigens, and this may be
related to differences in virulence between bacterial isolates
and symptomatology in each patient. We were unable to fur-
ther investigate the differences in antiserum titers to homolo-
gous and heterologous bacterial antigens for the rest of the
antisera listed in Table 3 because bacterial isolates were not
available from most of the patients.

Proteomic analysis of the EC-01 protein band fingerprint
using BioNumerics software confirmed that isolate EC-01 from
Ecuador was a unique B. bacilliformis strain that was most
highly related to Peruvian isolate Hosp 800-02 from Caraz,
Ancash, where infection with B. bacilliformis is endemic. How-
ever, the patient had never traveled to Peru or to areas of
Ecuador where infection with B. bacilliformis is endemic. Pa-

tient EC-01’s exposure to B. bacilliformis presumably occurred
within the area bounded by Quito, Esmeraldas, and Coca in
Ecuador, where infections resulting from B. bacilliformis have
not previously been reported in the scientific literature. How-
ever, the lowland province of Manabi, where Carrion’s disease
has been endemic since pre-Colombian times (1), is within 50
to 100 miles of Quito and Esmeraldas. From 1987 to 1995 in
south-central Manabi, 21% of people surveyed were seropos-
itive, and 11/224 (4.7%) presented with monophasic verrucous
cutaneous disease (2). Thus, Manabi has been a focal point for
asymptomatic infection and mild clinical disease, and it is quite
possible that the distribution of B. bacilliformis has spread
northward to the coastal lowlands of Amazonas where the
patient traveled. Conceivably, the patient’s infection was either
asymptomatic or characterized by a mild case of verruga ac-
quired during travel to the lowland province of Esmeraldas,
Ecuador, 3 years before, which subsequently resurfaced as
acute splenomegaly. The association of verruga with spleno-
megaly was confirmed by a case study in Peru in which 5/77
verruga patients presented with splenomegaly as a clinical sign
(30). Although the skin lesions of our patient could not be
confirmed as verruga because skin biopsy was declined, their
presence was suggestive of chronic, subclinical infection with
B. bacilliformis. At this time, we cannot explain the epidemi-
ology of isolate EC-01 in Ecuador. Several hundred miles geo-
graphically separate isolate EC-01 from related isolates in
Caraz, Peru. For several decades, hotspots of B. bacilliformis
infection in Peru have occurred in the provinces of Ancash,
Cajamarca, Amazonas, Lima, and Cusco with new areas of
endemicity of infection occurring in adjacent provinces of
Cajamarca, Huánuco, and Junı́n (reviewed in reference 24).
Taken together, bartonellosis in Peru ranges from Cusco in the
south all the way to Amazonas in the north, which borders
Ecuador. In all likelihood, the incidence of B. bacilliformis
infection in Ecuador is more widespread than is presently
recognized and underdiagnosed if infection is subclinical or
atypical.

The cutaneous pathology of verruga peruana resulting from
B. bacilliformis infection has been well documented (4, 7).
However, there are no contemporary descriptions of the
splenic pathology of verruga peruana. Indeed, it has been
stated that verruga peruana does not involve internal organs
(35). Nonetheless, early investigators of this condition de-
scribed involvement of various internal tissues and organs,
including the mucous membranes of the gastrointestinal and
genitourinary tracts, and the central nervous system, lungs,
liver, pancreas, kidneys, and spleen. In these locations, verru-
gae are typically miliary and associated with interstitial con-
nective tissue (38). Typically, bacillary angiomatosis of internal
organs is associated with disseminated infection of B. henselae
or B. quintana in immunocompromised individuals (25). In
contrast, the histopathology of the splenic nodule in the patient
described in this report shares characteristics of cutaneous
verruga and bacillary angiomatosis, but no bacteria were de-
finitively identified by either Steiner staining or broad-range
16S rRNA gene PCR in a section of this lesion. This is not
surprising, particularly since limited sections of the splenic
lesion were available for bacterial analyses and because the
patient was initially treated with a short course of antibiotics
during the acute phase of splenomegaly, which was 12 months
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prior to splenectomy. We suggest that the fibrotic tissue and
mineralized foci observed within the interstitium in the splenic
lesion may be evidence of previous bacterial colonization in the
spleen that was self-limiting or resolved by the previous anti-
biotic treatment. In addition, even a diligent search for bacte-
ria in active cutaneous lesions using special stains often fails to
demonstrate B. bacilliformis (4). The present case clearly is not
typical of classic acute or chronic infection with B. bacilliformis.
We could not unequivocally determine that the patient’s
splenic lesions were associated with B. bacilliformis infection.
However, expanding spectrums of atypical infection with B.
henselae and B. quintana have been documented, so we fully
expect that other presentations of B. bacilliformis infection will
also be found.

The epidemiology of B. bacilliformis infection in Ecuador is
unknown at this time. In addition, tourism companies in Peru
report that large numbers of tourists are visiting areas such as
Cusco, Macchu Pichu, Urubamba, and Ollantaytambo (per-
sonal communication with Andean Odyssey and Condor
Travel). These tourist destinations are in geographic regions
where infection with B. bacilliformis is endemic and emergent.
Thus, large numbers of susceptible individuals may potentially
be exposed to, and infected with, B bacilliformis while visiting
these areas. For native populations living in Peru and Ecuador,
Carrion’s disease constitutes a continuing public health threat.
Whether infected individuals remain asymptomatic or develop
acute-phase Oroya fever or eruptive skin disease may likely
depend upon host-pathogen interactions. Important factors in
these interactions include virulence of B. bacilliformis, host
immunity, susceptibility and resistance to reinfection, species-
specific differences in arthropod vectors, and the ability of
these vectors to transmit disease. In this paper, the patient’s
epidemiological data and atypical symptomatology support the
hypotheses that B. bacilliformis infection may be more wide-
spread in Ecuador than is presently recognized and that mild
disease may present with atypical or vague clinical signs lead-
ing to underdiagnosis. The data also argue for transmission of
bacilli by an alternative vector, such as the related sand fly,
Lutzomyia columbiana, that is found in areas where the patient
traveled in Ecuador (42). There is a need to further investigate
the potential for disease transmission by other species of Lut-
zomyia, particularly in areas where the disease is emergent, and
to better understand the spectrum of disease associated with
infection by B. bacilliformis. Because IFA and PCR tests ini-
tially did not detect B. bacilliformis infection in this patient,
there is also a need to reevaluate diagnostic strategies to rec-
ognize atypical disease.
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